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Endosseous Implant 

The present invention relates to a metallic endosseous 
implant made from titanium or a titanium alloy to be 
applied to a human or animal bone, said implant having a 
5 smooth or rough surface texture, and wherein said surface 
has been treated with at least one selected organic 
compound carrying one or more phosphonic acid group [- 
P(0)(OH) 2 ] or a derivative thereof, preferably as a 
pharmaceutically acceptable salt or ester or amide 

10 thereof. It has been shown that such chemically modified 
surface surprisingly enhances the bone bonding strength. 
Implants according to the present invention may be used as 
prostheses in medicine, more specifically in orthopaedics, 
for replacing or strengthening broken or diseased bones, 

15 and in dentistry, for anchoring artificial teeth and for 
anchoring of bone anchored hearing prosthesis. 

Implants which are used as prostheses in medicine for 
replacing or strengthening broken or diseased bones or as 
artificial teeth are known. These implants must be made of 

20 a non-corrosive material and must , be compatible with the 
surrounding tissue without producing immunologic reactions 
effecting rejection by the body. In the following the 
terms "surface" or "contact surface" refer to the titanium 
or a titanium alloy implant surface not yet treated 

25 according to the present invention and the term "modified 
surface" to the surface treated according to the present 
invention. 

It is known that to implant devices in the form of screws, 
plates, nails, pins, and specially formed parts into the 
30 skeletal structure of humans and animals as artificial 
prosthetic is a means for permanent replacement of missing 
structural parts or as permanent anchoring devices. An 



WO 02/40074 PCT/EP01/13364 



excellent "osseointegration" is required for those 
situations where the implanted device should remain 
permanently adhered to the contacting bone surface. 

It is generally known to use titanium metal or titanium 
5 alloys for such implants. When carefully produced, the 
titanium implant with its surface oxide exhibits 
biocompatibility in the sense that it remains passive for 
bone regeneration and does not per se induce adverse 
reactions such as inflammation or soft tissue generation 
10 or encapsulation. The interface obtained between the 
implant and the bone tissue normally consists of a protein 
layer of about 100 nm to 1 urn thickness preventing the 
bone tissue from being in direct molecular contact with 
the implant. 

15 The actual state of the art for endosseous implants is 
based on different approaches, for example (i) the 
creation of a suitable roughness of the implant surface 
giving a mechanical interlocking between bone and implant 
and/or (ii) coating the titanium or titanium alloy surface 

20 of the implant, e.g. with an artificial hydroxyapatite for 
improving the healing process and the bone-implant 
intimate contact. 

It is known that a high surface roughness on titanium 
implants increases the mechanical stability of the implant 

25 in the bone tissue. Mechanical surface treatment 
significantly alters the topography, while the surface 
chemistry remains substantially unchanged. The 
disadvantages of an implant with a high surface roughness 
are that a purely mechanical anchoring is very sensible to 

30 micromotions which may lead to a deterioration of the 
mechanical anchorage and that the osseointegration time of 
the implant is relatively long. 
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Coating the surface of the implant with an artificial 
hydroxyapatite decreases the osseointegration time. 
However, it is very difficult, if not impossible, to 
produce hydroxyapatite coatings with a long term stability 
5 on load bearing implants. The interface between the 
coating and the implant is often disrupted or the coatings 
are flaked off. 

US 5,733,564 suggests to use selected bisphosphonates 
which are known drug substances for the promotion of bone 
10 tissue formation by coating titanium metal surfaces of 
prostheses or implants with these compounds. 

It has now been found that if the surface of a titanium or 
a titanium alloy endosseous implant has been treated with 
at least one selected organic compound as defined herein 

15 below carrying one or more phosphonic acid groups or a 
derivative thereof, preferably an ester, an amide or a 
salt thereof, as defined herein below, said surface shows 
a surprisingly improved bone bonding strength and a 
surprisingly shortened osseointegration time compared to 

20 the non treated surface and does not have the 
disadvantages as known for surfaces having a hydroxy- 
apatite coating. 

The present invention is defined in the claims. The 
present invention specifically refers to an endosseous 

25 implant to be applied to a human or animal bone, wherein 
the surface of the implant is made from titanium or a 
titanium alloy, said implant having a smooth or rough 
surface texture, which is characterized in that said 
surface has been treated with at least one organic 

30 compound corresponding to the general formula (I) : 

A-[P(0) (OH) 2 ] P 
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or a pharraaceutically acceptable derivative thereof, which 
is preferably an ester, an amide or a salt thereof, 
wherein A means A a or A 2 , and 

Ai is a residue of a linear, branched or cyclic, 
5 saturated or unsaturated, hydrocarbon residue with n 
carbon atoms, whereby said residue may be substituted by 
hydroxyl and/or carboxyl and optionally further 
interrupted by one or more oxygen and/or sulphur and/or 
nitrogen atoms, carrying p phosphonic acid groups, wherein 
10 n is a number from 1 to 70, preferably 1 to 40, preferably 
1 to 22, and 

when n is 1 and p is 2: A is -CH 2 -, or 

when n is 1 : p is 3 or 4, preferably 3, or 

when n is 2 to 10: p is 2, provided each phosphonic acid 
15 group or phosphonic acid ester group is bound to a 
different carbon atom within the same molecule; or 

when n is 2 to 10: p is 3, 4, 5 or 6, preferably 3, 4 or 

5, preferably 3 or 4; or 

when n is 11 to 70: p is 2, 3, 4, 5 or 6, preferably 2, 3, 

20 4 or 5, preferably 2, 3 or 4; 

or A means A 2 and 

A 2 is a residue of an amino acid or of a sequence of 
amino acids resp. of a protein or of a polypeptide, 
preferably a residue of the superfamily of Transforming 
25 Growth Factor beta (TGF-fi) ; or a residue of a specific 
drug molecule, wherein each residue A 2 carries p 
phosphonic acid groups, and 
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p is 1 to 6, preferably 1, 2, 3 or 4, preferably 1, 2, or 
3, when A 2 is a residue of an amino acid or of a sequence 
of amino acids resp. of a protein or of a polypeptide; or 

p is 1 or 3-6, preferably 1, when A 2 is a residue of a 
5 specific drug molecule originally not bearing any 
phosphonic group, optionally falling under the definition 
given for A x . 

The present invention further refers to a process for 
producing the implant according to the present invention 
10 which is characterized in that said surface is treated 
with at least one organic compound of formula (I) or a 
derivative thereof, which is preferably an ester, an amide 
or a' salt thereof. 

It is assumed that the phosphonate compounds as specified 
15 herein, especially as acids or salts, form a covalent bond 
with the surface of the implant thereby improving the 
osseointegration properties of said surface to a 
remarkable and unexpected extent. The present invention 
however is not bound to this explanation. 

Ai preferably is a saturated hydrocarbon residue of the 
formula - (C n H 2n+2 - p ) -, wherein n means 1 to 70, preferably 1 
to 40, preferably 1-22. Preferred is the free acid or the 
salt form of the compound of formula (I), preferably where 
the pharmaceutically acceptable salt is an alkali salt, 
preferably of sodium or potassium salt. If the pharma- 
ceutically acceptable ester is used, the isopropyl phos- 
phonate or ethyl phosphonate esters are preferred, 
examples of such esters are: tetra isopropyl methylenedi- 
phosphonate, hexaethyl ethane-1, 1, 2-triphosphonate, hexa- 
isopropyl butane-1, 1, 4-triphosphonate, hexaisopropyl 
pentane-1, 1, 5-triphosphonate, hexaisopropyl pentane-2, 2, 5- 
triphosphonate, hexaisopropyl hexane-2, 2, 6-triphosphonate, 



25 
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octaisopropyl propane-1, 1, 3, 3-tetraphosphonate, octaiso- 
propyl heptane-1, 4, 4, 7-tetraphosphonate, octaisopropyl 
nonane-1, 5,5, 9-tetraphosphonate. 

The metallic surface of the endosseous implant to be 
5 treated according to the present invention may be made 
from titanium or a titanium alloy as known to be used for 
the production of endosseous implants. Titanium alloys may 
be made from titanium and any other metal known to form an 
alloy with titanium, such as chromium, niobium, tantalum, 
10 vanadium, zirconium, aluminium, cobalt, nickel and/or 
stainless steels. Such titanium metal alloys .for making 
implants are known per se and are described for example in 
Breme et al., Metals as Biomaterials, pp. 1-71 (1998) the 
contents of which are incorporated herein by reference. 

15 Implants according to the present invention may be in the 
form of screws, plates, nails, pins, and specially formed 
parts and may be used as prostheses in medicine, more 
specifically in orthopaedics, for replacing or 
strengthening broken or diseased bones, and in dentistry, 

20 for anchoring artificial teeth and for anchoring of bone 
anchored hearing prosthesis into the skeletal structure of 
humans and animals. The surface area of the implant which 
is to be bound to the body tissue resp. bones, may have a 
smooth or rough surface texture. Such surface textures are 

25 known and can be obtained for example by treating the 
surface mechanically and/or with acids and/or 
electrolytically and/or with a glow-discharge plasma 
and/or plasma spraying and/or or by electro machining. 
Such materials and processes have been described in 

30 different publications, for example in B.-O. Aronsson et 
al., J. Biomed. Mater. Res. 35 (1997), pp. 49f., the 
contents of which are incorporated herein by reference. 
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Examples of compounds of formula (I) wherein A is a 
residue of a saturated hydrocarbon are polyphosphonic 
acids such as methylenediphosphonic acid, ethane-1, 2-di- 
phosphonic acid, propane-1, 3-diphosphonic acid, propane- 

5 1, 3-diphosphonic acid, ethane-1, 1, 2-triphosphonic acid, 
butane-1, 1, 4-triphosphonic acid, pentane-1, 1, 5-triphos- 
phonic acid, pentane-2, 2, 5-triphosphonic acid, hexarie- 
2,2, 6-triphosphonic acid, pentane-1, 1, 5, 5-tetraphosphonic 
acid, heptane- 1, 4, 4, 7-tetraphosphonic acid, propane- 

10 1, 1, 3, 3-tetraphosphonic acid, or nonane-1, 5, 5, 9-tetraphos- 
phonic acid. 

Examples of compounds of formula (I) wherein A is a 
residue of a protein resp. polypeptide in the form of a 
Transforming Growth Factor beta (TGF-J3) in which are 

15 included the all members of the superfamily of growth 
factors and particularly the TGF-B1, TGF-1S2, TGF-JJ3, TGF- 
£4, and TGF-J35 as described for example in A.B. Roberts, 
M.B. Sporn, Handbook of Experimental Pharmacology, 95 
(1990) pp. 419-472 or D.M. Kingsley, Genes and Development 

20 8 (1994) p. 133-146, and references therein, where the 
peptide chain has been modified to contain an alkylphos- 
phonic acid group or a derivative thereof, which is 
preferably an ester, an amide or a salt thereof. In this 
sense the compound of formula (I) represents a 

25 Transforming Growth Factor beta (TGF-J1) as defined by the 
members of the superfamily of growth factors, preferably 
the TGF-A1, TGF-J32, TGF-J53, TGF-J54 , and TGF-B 5, wherein 
each time the peptide chain has been modified to contain 
at least one alkylphosphonic acid group or a derivative 

30 thereof, which is preferably an ester, an amide or a salt 
thereof. 

Examples of compounds of formula (I) wherein A is a 
residue of a Bone Morphogenic Protein (BMP) (being a 
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subfamily to the TGF family) e.g., the BMP-2 (BMP-2a) , 
BMP-3, BMP-4 (BMP-2b) ; BMP-5, BMP-6, BMP-7 (OP-1) , BMP-8 
(OP-2), BMP-9, BMP-10, BMP-11, BMP-12, BMP-13, as found 
for example in J.M. Wozney et. al . , Science 242 (1988) 
5 1528-1534; A.J. Celeste et al., Proc. Natl. Acad. Sci. USA 
87 (1990) 9843-9847; E. Ozkaynak et al., J. Biol. Chem. 
267 (1992) 25220-25227 ; Takao et al., Biochem. Biophys. 
Res. Com. 219 (1996) 656-662 ; WO 93/00432 ; WO 94/26893 ; 
WO 94/26892 ; WO 95/16035 and references therein, where 

10 the peptide chain has been modified to contain an 
alkylphosphonic acid group or a derivative thereof, which 
is preferably an ester, an amide or a salt thereof. These 
compounds are incorporated herein by reference. In this 
sense the compound of formula (I) represents a Bone 

15 Morphogenic Protein (BMP) , preferably the BMP-2 (BMP-2a) , 
BMP-3, BMP-4 (BMP-2b), BMP-5, BMP-6, BMP-7 (OP-1), BMP-8 
(OP-2), BMP-9, BMP-10, BMP-11, BMP-12, BMP-13, wherein the 
peptide chain has been modified to contain at least one 
alkylphosphonic acid group or a derivative thereof, which 

20 is preferably an ester, an amide or a salt thereof. 

Examples of compounds of formula (I) wherein A is a 
residue of an amino acid are 2-amino-4, 4-bis- (diethoxy- 
phosphoryl) -butyric acid as described for example in O. 
Fabulet et al., Phosphorus, Sulphur Silicon and Related 

25 Elements, 101, 225-234 (1995); 2-amino-5- (diethoxy- 
phosphoryl) -pentanoic acid as described for example in 
I.G. Andronova et al . , Russ. J. Gen. Chem. 66, 1068-1071 
(1996) ; 2-amino-4-phosphonobutyric acid as described for 
example in X.Y. Jiao et al., Synth. Commun. 22, 1179-1186 

30 (1992) and references therein. Further examples are all 
the principal twenty amino acids as described for example 
in L. Stryer, Biochemistry, 3rd edition (1988), pp. 17-22, 
where the amino acid is modified in an analogous way with 
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an alkylphosphonic acid group or a derivative thereof, 
which is preferably an ester, an amide or a salt thereof, 
preferably wherein the compound of formula (I) is one of 
the principal twenty amino acids, preferably arginine, 

5 glycine, aspartic acid, alanine, valine, proline, serine, 
threonine, cysteine or lysine, wherein the amino acid has 
been modified to contain at least one alkylphosphonic acid 
group or a derivative thereof, said derivative being 
preferably an ester, an amide or a salt thereof. These 

10 compounds are incorporated herein by reference. 

Examples of compounds of formula (I) wherein A is a 
residue of a peptide comprise but are not limited to RGD- 
containing peptides, RGDS-peptides, GRGDS- pep tides, RGDV- 
peptides, RGDE-peptides, and/or RGDT -peptides . Such 

15 peptides are described for example in Y. Hirano, J. 
Biomed. Materials Res., 25 (1991), pp. 1523-1534 or in WO 
98/52619 and references therein. Included within the scope 
of the present invention are also similar peptides known 
to have specific biological activities such as cell 

20 attachment or cell attachment prevention, and which are 
prepared in analogy with the peptides as mentioned above. 
In this sense the compound of formula (I) is a RGD- 
containing peptide, preferably a RGDS-peptide, a GRGDS - 
peptide, a RGDV-peptide, a RGDE-peptide, and/or a RGDT- 

25 peptide, which has been modified to contain at least one 
alkylphosphonic acid group or a derivative thereof, which 
is preferably an ester, an amide or a salt thereof. 

Preferred compounds of formula (I) are those containing a 
residue A 2 as defined above, preferably a residue of an 
30 amino acid or of a sequence of amino acids resp. of a 
protein or of a polypeptide, preferably a residue of the 
superfamily of Transforming Growth Factor beta (TGF-B) , 
preferably a Bone Morphogenic Protein (BMP) . 
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The following steps are recommended to be taken for 
producing the implant according to the present invention, 
i.e. for treating the surface of the implant with at least 
one compound of formula (I) above. The implant is first 
5 cleaned in a cleaning bath for removing unwanted molecules 
resp. impurities from the surface. Preferably the implant 
is first treated with a degreasing agent, for example an 
organic solvent such as alcohol, chloroform, and another 
organic solvent and/or an inorganic detergent such as an 

10 aqueous alkaline solution based on sodium hydroxide or 
potassium hydroxide. Subsequently, the implant is 
carefully rinsed in pure water, preferably in distilled 
ultra-pure water, having preferably a conductivity 
resistance of at least 15 Mohm*cm. After cleaning and 

15 rinsing, the implant is dried with flowing nitrogen gas or 
flowing dry or hot air and stored under controlled 
conditions . Alternatively after degreasing the implant can 
be further treated in a glow-discharge plasma for cleaning 
the surface. The clean surface of the implant is then 

20 treated with at least one compound of formula (I) or an 
ester or a salt thereof, i.e. with at least one such 
compound or a mixture thereof. The compound or the mixture 
of said compounds is brought onto the surface of the 
implant by any suitable means, like brushing, spraying, 

25 dipping or evaporation, including glow-discharge plasma 
assisted vapour deposition. The phosphonic acid compound 
or the ester or the salt thereof is preferably dissolved 
in a polar solvent, so that a solution with a 
concentration of from about 1.0 x 10" 5 mol/10 ml to 5 x 10~ 2 

30 mol/10 ml, preferably from about 5 x 10~ 4 mol/10 ml to 2.0 
x 10" 2 mol/10 ml with reference to the weight of the 
solvent is obtained. Preferably the concentration is such 
that a partial or full (1 % to 100%, preferably 50 % to 
100% of a) monomolecular layer is formed on the implant 
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surface. The preferred solvent is pure distilled water. 
The implant is left in contact with the solution for a 
sufficiently long time, preferably for a few minutes up to 
a few hours. After that the implant is carefully rinsed 
5 with pure water and packed with a plastic or metallic 
clean packaging material preferably into an air tight 
packaging which preferably is evacuated or filled with an 
inert gas such as nitrogen or an inert liquid such as pure 
water as defined herein above. Said pure water may contain 

10 inorganic salts, preferably alkali salts, such as alkali 
chlorides,' sulfates, phosphates, phosphonates, preferably 
the sodium and/or potassium salts, and/or compounds of the 
formula (I) or an ester or a salt thereof, preferably in a 
concentration of from about 1.0 x 10" 5 mol/10 ml to 5 x 10" 2 

15 mol/10 ml, preferably from about 5 x 10" 4 mol/10 ml to 2.0 
x 10" 2 mol/10 ml of solvent, which preferably is distilled 
water. 

Analytical investigations, e.g. X-ray Photoelectron 
Spectroscopy analysis (XPS) or NMR, have shown that on 

20 contacting the phosphonic acid compound of formula (I) 
with the titanium surface of the implant, immediate ad- 
sorption takes place. A strong bond is formed between the 
surface and the phosphonic acid compound so that a 
chemical surface modification is obtained. Several diffe- 

25 rent alkane polyphosphonic acids as mentioned herein above 
were synthesized. Dental implants produced with these 
compounds according to the present invention have shown 
excellent results. 

The compounds according to the general formula (I), 
30 wherein p is 3 to 6, preferably 3 or 4, and n is 4 to 70, 
preferably 4 to 40, preferably 4 to 22, the salts or 
esters or amides thereof are new. Examples of such 
compounds are butane-1, 1, 4-triphosphonic acid, pentane- 



WO 02/40074 PCT/EP01/13364 



1,1, 5- triphosphonic acid, pentane-2 , 2 , 5- triphosphoric 
acid, hexane-2, 2, 6-triphosphonic acid, pentane-1, 1, 5, 5- 
tetraphosphonic acid, heptane-1, 4, 4, 7-tetraphosphonic 
acid, or nonane-1, 5, 5, 9-tetraphosphonic acid. 

5 The compounds hexaisopropyl butane-1, 1, 4-triphosphonate 
and octaisopropyl heptane-1, 4, 4, 7-tetraphosphonate, resp. 
a mixture of these compounds, are obtained in that an 
alkalimetal, preferably sodium, tetra lower alkyl 
methylenediphosphonate, preferably tetraisopropyl 

10 methylenediphosphonate, is reacting with at least a 
stoichiometric amount of a dihalome thane, preferably 
dibromome thane, in the presence of an organic solvent 
having no active hydrogen atoms, preferably dry hexane or 
benzene or toluene. 

15 The reaction is preferably carried out at a temperature 
within the range of 30°C to 125°C, preferably 40°C to 
110 °C, until the reaction is completed, which generally is 
within a time period of 10 to 48 hours, preferably 18 to 
36 hours. 

20 To the reaction product is then added the purified product 
of triisopropylphosphite that has been reacted with 
diisopropyl-3-bromopropane. The obtained mixture of 
compounds can then be separated in a conventional manner, 
for example by column chromatography 

25 In an analogous way, by reacting 1, 4-dibromobutane in 
excess molar ratio in the range 1:6 to 1:0.5 with 
triisopropylphosphite, surprisingly the new compounds 
hexaisopropyl pentane-1, 1, 5-triphosphonate and octaiso- 
propyl nonane-1, 5, 5, 9-tetraphosphonate are produced. 

30 Further, in an analogous way the hexaisopropyl pentane- 
2, 2, 5-triphosphonate and hexaisopropyl hexane-2, 2, 6- 
triphosphonate were obtained by reacting equal parts of 
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tetraisopropylethane-1, 1-diphosphonate with diisopropyl-3- 
bromopropylphosphonate . 

The process is further characterised by that these 
products are hydrolysed to produce the analogous acids by 
5 refluxing them in molar excess of HC1 for a time comprised 
within 1 to 12 hours, preferably 1 to 6 hours. The 
compounds are then preferably dried under vacuum over P 2 0 5 . 

The following Examples illustrate but do not limit the 
present invention. 

10 Example 1 

Methylenediphosphonic acid was synthesized according to 
US-patent 3,400,176 and B.A. Arbusov, Pure Appl. Chem. 9 
(1967), pp. 307-353 and references therein. The compound 
was characterized by NMR ( a H, 31 P, 13 C) , mass spectroscopic 
15 elemental analysis and by its melting point. All these 
data are in accordance with the literature O.T. Quimby et 
al., J. of Organomet. Chem. 13, 199-207 (1968). 

Propane-1, 1, 3, 3-tetraphosphonic acid was synthesized from 
tetraisopropyl methylenediphosphonate. The tetraphosphonic 
20 acidic solution was concentrated under vacuum, dried over 
P 2 0 5 under vacuum. The 1 H, 31 P and 13 C NMR results (D 2 0) are 
in accordance with the given literature data. 

In an analogous manner propane-1, 3-diphosphonic acid, 
ethane-1, 1, 2-triphosphonic acid, butane-1, 1, 4-triphos- 
25 phonic acid, pentane-1, 1, 5-triphosphonic acid, pentane- 
2, 2, 5-triphosphonic acid, hexane-2, 2, 6-triphosphonic acid, 
pentane-1, 1, 5, 5-tetraphosphonic acid, heptane-1, 4, 4, 7- 
tetraphosphpnic acid, or nonane-1, 5, 5, 9-tetraphosphonic 
acid, are synthesized. 
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Example 2 

A) A sample made from titanium in the form of a circular 
plate of 14 mm in diameter, having a thickness of 1 mm, is 
produced in a conventional manner. The sample surface is 
5 provided with a smooth surface roughness by mechanical 
polishing with diamond paste according to standard 
procedures. By Atomic force microscopy the surface 
roughness was measured to a S rms value of ca 6 nm over a 
surface area of 400 square microns. 

10 B) The implant as produced in chapter A) above is then 
put into an aqueous solution of (i) methylenediphosphonic 
acid [1,5 x 10" 3 mol per 10 ml of distilled water], (ii) 
ethane-1, 1, 2-triphosphonic acid [1.2 x 10 -3 mol per 10 ml, 
in distilled water] , (iii) propane-1, 1, 3, 3-tetraphosphonic 

15 acid [6.2 x 10" 4 mol per 10 ml, in distilled water], (iv) 
1-hydroxyethylidenediphosphonic acid [1.4 x 10" 3 mol per 10 
ml, in distilled water] and left there at room temperature 
for 15 minutes. The implant is then rinsed with pure water 
and dried. 

20 The implant prepared according to the preparations B(i), 
B(ii), and B(iii) are plated with rat bone building cells, 
osteoblasts. The osteogenesis is measured as (I) the cell 
proliferation and (II) the bone protein synthesis. 
Comparative test results are given for the untreated 

25 implant. The results are given in Table 1 . Analogous 
results are obtained for all the phosphonic acids given 
herein above both on a smooth and on a rough surface. 
Analysis with XPS and ToF-SIMS indicated that a molecular 
(mono) layer was formed on a titanium surface as well as 

30 on a Ti0 2 -surf ace. 
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Table 1 



Preparation 


Number of cells* 
after 4 days 
(±SEM) 


Total protein 
synthesis* after 
8 days (cpmt x 
10 4 per million 
cells) (±SEM) 


Collagen* after 8 
days (% of total 
protein) (±SEM) 


B(i) 


36108 (±2485) 


94224 (±8357) 


3.18 (±0.17) 


B(ii) 


40773 (±1263) 


104503 (±2863) 


3.19 (±0.10) 


B(iii) 


37290 (±2852) 


92361 (±8237) 


2.30 (±0.29) 


Comparative Test 


32560 (±2485) 


87842 (±3161) 


2.74 (±0.18) 



* the numbers are given as an average value from three measurements 
for each test, t cpm = counts per minute from radio labeled proteins. 

The results illustrate the improved osteogenesis of the 
5 implants according to the present invention compared to 
the non treated implants. 



Example 3 

Example 2 is repeated with the difference that the implant is 
10 treated with ethane-1, 1, 3-triphosphonic acid which has been 
modified by linking the amine terminus of a Glycine molecule 
to one of the phosphonate groups. 

Example 4 

Examples 2 is repeated with the difference that the implant 
15 is treat with ethane-1, 1, 3-triphosphonic acid which is 
modified by linking the amine terminus of a GRGDS cell binding 
polypeptide to one of the phosphonate groups. 
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Example 5 

Examples 2 is repeated with the difference that the compound 
according to formula (I) is ethane-1, 1, 3-triphosphonic acid 
5 which is modified by linking the amine terminus (Methionine) 
of a human Bone Morphogenic Protein type 2 (BMP-2) to one of 
the phosphonate groups, which gives analogous test results as 
given in Table 1. 
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Claims 

1 . Endosseous implant to be applied to a human or animal 
bone, wherein the surface of the implant is made from 
5 titanium or a titanium alloy, said implant having a 

smooth or rough surface texture, characterized in 
that said surface has been treated with at least one 
organic compound corresponding to the general formula 
(I) : 

10 A-[P(0) (OH) 2 ] P (I) i 

or a pharmaceutical^ acceptable derivative thereof, 
which preferably is an ester an amide or a salt 
thereof, wherein A means A a or A 2 , and 

Ai is a residue of a linear, branched or cyclic, 
15 saturated or unsaturated, hydrocarbon residue with n 

carbon atoms, whereby said residue may be substituted 
by hydroxyl and/or carboxyl and optionally further 
interrupted by one or more oxygen and/or sulphur 
and/or nitrogen atoms, carrying p phosphonic acid 
20 groups, wherein n is a number from 1 to 70, 

preferably 1 to 40, preferably 1 to 22, and 

when n is 1 and p is 2: A is -CH 2 -, or 

when n is 1: p is 3 or 4, preferably 3, or 

when n is 2 to 10: p is 2, provided each phosphonic 
25 acid group or phosphonic acid ester group is bound to 

a different carbon atom within the same molecule; or 



when n is 2 to 10: p is 3, 4, 5 or 6; preferably 3, 4 
or 5; preferably 3 or 4; or 
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when n is 11 to 70: p is 2, 3, 4, 5 or 6; preferably 
2, 3, 4 or 5; preferably 2, 3 or 4; 

or A means A 2 and 

A 2 is a residue of an amino acid or of a sequence 
of amino acids resp. of a protein or of a 
polypeptide, preferably a residue of the' superfamily 
of Transforming Growth Factor beta (TGF-B) ; or a 
residue of a specific drug molecule, wherein each 
residue A 2 carries p phosphonic acid groups, and 

p is 1 to 6, preferably 1, 2, 3 or 4, preferably 1, 
2, or 3, when A 2 is a residue of an amino acid or of 
a sequence of amino acids resp. of a protein or of a 
polypeptide; or 

p is 1 or 3-6, preferably 1, when A 2 is a residue of 
a specific drug molecule originally not bearing any 
phosphonate group, optionally falling under the 
definition given for Ai. 

2. Implant according to claim 1, wherein Ai is a 
saturated hydrocarbon residue of the formula - (C n H 2n+2 _ 
p )-, wherein n means 1 to 70, preferably 1 to 40, 
preferably 1 to 22. 

3. Implant according to claim 1 or 2, wherein the 
pharmaceutically acceptable salt is an alkali salt, 
preferably of sodium or potassium salt. 

4. Implant according to any one of the claims 1-3, 
wherein the pharmaceutically acceptable ester is an 
alkyl phosphonate, or an ethyl acetate. 

5. Implant according to any one of the claims 1-4, 
wherein the compound of formula (I) is a 
polyphosphonic acid, preferably selected from 
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methylenediphosphonic acid, ethane-1, 2-diphosphonic 
acid, propane-1, 3-diphosphonic acid, propane-1, 3-di- 
phosphonic acid, ethane-1, 1, 2-triphosphonic acid, 
butane-1, 1, 4-triphosphonic acid, pentane-1, 1, 5- 
5 triphosphonic acid, pentane-2, 2, 5-triphosphonic acid, 

hexane-2, 2, 6-triphosphonic acid, pentane-1, 1, 5, 5- 
tetraphosphonic acid, heptane-1, 4, 4, 7-tetraphosphonic 
acid, propane-1, 1, 3, 3-tetraphosphonic acid, and/or 
nonane-1, 5, 5, 9-tetraphosphonic acid or an ester or a 
10 salt thereof. 

6. Implant according to claim 4, wherein the compound of 
formula (I) is an ester, preferably tetra isopropyl 
methylenediphosphonate, hexaethyl ethane-1, 1, 2-tri- 
phosphonate, hexaisopropyl butane-1, 1, 4-triphos- 

15 phonate, hexaisopropyl pentane-1, 1, 5-triphosphonate, 

hexaisopropyl pentane-2, 2, 5-triphosphonate, hexaiso- 
propyl hexane-2, 2, 6-triphosphonate, octaisopropyl 
propane-1, 1,3, 3-tetraphosphonate, octaisopropyl 
heptane-1, 4, 4, 7-tetraphosphonate, octaisopropyl 

20 nonane-1, 5, 5, 9-tetraphosphonate . 

7. Implant according to claim 1, wherein the compound of 
formula (I) is a Transforming Growth Factor beta 
(TGF-13) as defined by the members of the superfamily 
of growth factors, preferably the TGF-B1, TGF-B2, 

25 TGF-B3, TGF-J34, and TGF-J55, wherein each time the 

peptide chain has been modified to contain at least 
one alkylphosphonic acid group or a derivative 
thereof, which preferably is an ester an amide or a 
salt thereof. 

30 8. Implant according to claim 1, wherein the compound of 
formula (I) is a Bone Morphogenic Protein (BMP), 
preferably the BMP-2 (BMP-2a) , BMP-3, BMP-4 (BMP-2b) , 
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BMP-5, BMP-6, BMP-7 (OP-1) , BMP-8 (OP-2) , BMP-9, BMP- 
10, BMP-11, BMP- 12, BMP-13, wherein the peptide chain 
has been modified to contain at least one alkyl- 
phosphonic acid group or a derivative thereof, which 
preferably is an ester an amide or a salt thereof. 

Implant according to claim 1, wherein the compound of 
formula (I) is 2-amino-4, 4-bis- (diethoxy-phosphoryl) - 
butyric acid, 2-amino-5- (diethoxy-phosphoryl) -penta- 
noic acid and/or 2-amino-4-phosphonobutyric acid. 

Implant according to claim 1, wherein the compound of 
formula (I) is one of the principal twenty amino 
acids, preferably arginine, glycine, aspartic acid, 
alanine, valine, proline, serine, threonine, 
cysteine, lysine, wherein the amino acid has been 
modified to contain at least one alkylphosphonic acid 
group or a derivative thereof, which preferably is an 
ester an amide or a salt thereof. 

Implant according to claim 1, wherein the compound of 
formula (I) is a RGD-containing peptide, preferably a 
RGDS-peptide, a GRGDS -peptide, a RGDV-peptide, a 
RGDE- peptide, and/or a RGDT-peptide, which has been 
modified to contain at least one alkylphosphonic acid 
group or derivative thereof, which preferably is an 
ester an amide or a salt thereof. 

Process for producing the implant according to any 
one of the claims 1-11, characterized in that said 
surface is treated with at least one organic 
compound of formula (I) or an ester or a salt or a 
mixture thereof. 



30 13. 



Implants according to any one of the claims 1-12 in 
the form of screws, plates, nails, pins, and 
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specially formed parts and may be used as prostheses 
in medicine, more specifically in orthopaedics, for 
replacing or strengthening broken or diseased bones, 
and in dentistry, for anchoring artificial teeth or 
for anchoring of bone anchored hearing prosthesis 
into the skeletal structure of humans and animals. 

14. Implant according to claim 13, wherein said implant 
is packed with a plastic or metallic packaging 
material, preferably into an air tight packaging 
which optionally is evacuated or filled with an inert 
gas or an inert liquid. 

15. Implant according to claim 14, wherein said packaging 
is filled with pure water containing an inorganic 
salt and/or a compound of the formula (I) or a salt 
thereof, preferably in a concentration of from about 
1.0 x 10~ s mol/10 ml to 5 x 10" 2 mol/10 ml, preferably 
from about 5 x lCT 4 mol/10 ml to 2.0 x 10~ 2 mol/10 ml 
of the water. 

16. The compounds according to the general formula (I) 
the salts or esters thereof according to any one of 
the claims 1-11, wherein p is 3 to 6, preferably 3 or 
4, and n is 4 to 70, preferably 4 to 40, preferably 4 
to 22. 

17. The compounds according to claim 16, being butane- 
1, 1, 4-triphosphonic acid, pentane-1, 1, 5-triphosphonic 
acid, pentane-2, 2, 5-triphosphonic acid, hexane-2, 2, 6- 
triphosphonic acid, pentane-1, 1, 5, 5-tetraphosphonic 
acid, heptane-1, 4, 4, 7-tetraphosphonic acid, or 
nonane-1, 5, 5, 9-tetraphosphonic acid, a salt or an 
ester or an amide thereof. 
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18. Process for producing the chemical compound in the 
form of their acid according to claim 17, 
characterized in that the corresponding ester is 
hydrolysed in the presence of an acid. 



INTERNATIONAL SEARCH REPORT 



ru/tP 01/13364 



B. FIELDS SEARCHED 


Minimum documentation searcheci (rfassitinat o 

IPC 7 A61L A61F A61C 


i system followed by clas. 

C07F A61K 


ideation symbols) 




Documentation searched other than minimum d 


cumentation to the extent 


that such documents are inclu 


ded in the fields searched 



A61L27/06 A61L27/10 A61F2/30 



Patent Classification (IPC) orto both ns 



Electronic data base consulted during the international search (name of data base and, where practical, se 

EPO-Internal , WPI Data, PAJ, FSTA, INSPEC, COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication, where appropriate, of the relevant passages 



WO 99 11202 A (ICET INC) 
11 March 1999 (1999-03-11) 
page 7, line 2 - line 15 

page 8, line 11 - line 16 
page 11, line 3 - line 20 
example 1 

WO 92 09697 A (CELTRIX LAB INC) 
11 June 1992 (1992-06-11) 
page 4, line 13 -page 5, line 9 
page 14, line 28 -page 15, line 8 



1-6,9, 
10,12-18 



1,7,8,11 



_/__ 



are listed in the continuation of box C. 



[)(~| Patent family members are listed in 



Special categories of cited documents : 

'A 1 document defining the general state of the art which is not 
considered to be of particular relevance 
earlier document but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or 
iii lablisl Hie blication dal I i . r 

citation or other special reason (as specified) 
' document referring to a 




'&■ document member of the same patent family 



Date of the actual completion of the in 

26 April 2002 



Date of mailing of the international search report 

08/05/2002 



ne and mailing address of the iSA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HVRijswijk 
Tel, (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-301 B 



Menidjel, R 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



C(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Inj il Application No 

Pw/tr 01/13364 



Category ' Citation 



re appropriate, of the relevant passages 



US 5 733 564 A (LEHTINEN RISTO TAPANI) 
31 March 1998 (1998-03-31) 
column 1, line 20 - line 34 
column 3, line 11 - line 20 
column 3, line 60 -column 4, line 41 
claims 1-11 

US 5 646 134 A (YATES ASHLEY J) 
8 July 1997 (1997-07-08) 
column 2, line 47 - line 67 
column 4, line 14 - line 37 

EP 0 860 213 A (HUELS CHEMISCHE WERKE AG) 
26 August 1998 (1998-08-26) 
page 2, line 50 - line 58 
page 3, line 11 - line 55 
page 6, line 20 - line 58 



1-6,9, 
10,12-18 



1-6,9, 
10,12-18 



1-6,9, 
10,12-18 



Form PCT/ISA/210 (continuation of second sheet) (July 1862) 



INTERNATIONAL SEARCH REPORT 


Iru al Application No 

Pui/tr 01/13364 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 



WO 9911202 A 11-03-1999 WO 9911202 Al 11-03-1999 

US 6129928 A 10-10-2000 



AU 651421 B2 21-07-1994 

AU 9141991 A 25-06-1992 

CA 2071912 Al 31-05-1992 

EP 0513334 Al 19-11-1992 

W0 9209697 Al 11-06-1992 

US 5393739 A 28-02-1995 



US 5733564 


A 


31-03-1998 


FI 


92465 B 


15-08-1994 








AU 


6430794 A 


08-11-1994 








CA 


2160565 Al 


27-10-1994 








CN 


1120811 A 


17-04-1996 








DE 


69425372 Dl 


31-08-2000 








DE 


69425372 T2 


01-02-2001 








DE 


696923 Tl 


10-10-1996 








EP 


0696923 Al 


21-02-1996 








WO 


9423770 Al 


27-10-1994 








JP 


8508661 T 


17-09-1996 


US 5646134 


A 


08-07-1997 


AU 


2374895 A 


16-11-1995 








AU 


3574799 A 


19-08-1999 








BG 


63102 Bl 


30-04-2001 








BG 


100910 A 


31-03-1998 








CA 


2188030 Al 


02-11-1995 








CN 


1146152 A ,B 


26-03-1997 








CZ 


9603055 A3 


11-06-1997 








EP 


1197213 A2 


17-04-2002 








EP 


0756483 Al 


05-02-1997 








FI 


964213 A 


18-10-1996 








HR 


950239 Al 


30-04-1997 








HU 


74911 A2 


28-03-1997 








IL 


113361 A 


30-11-1999 








JP 


9512268 T 


09-12-1997 








NO 


964441 A 


18-10-1996 








NZ 




L o — UO cUUU 








PL 


318552 Al 


23-06-1997 








RU 


2161032 C2 


27-12-2000 








SK 


133396 A3 


07-05-1997 








TW 


406021 B 


21-09-2000 








US 


5972913 A 


26-10-1999 








wo 


9528936 Al 


02-11-1995 








us 


5891863 A 


06-04-1999 








ZA 


9503185 A 


27-12-1995 


EP 0860213 


A 


26-08-1998 


DE 


19700081 Al 


09-07-1998 








DE 


19700082 Al 


09-07-1998 








DE 


19700083 Al 


09-07-1998 








DE 


19732588 Al 


04-02-1999 








CA 


2226132 Al 


03-07-1998 








EP 


0860213 A2 


26-08-1998 








JP 


10249277 A 


22-09-1998 








NO 


980018 A 


06-07-1998 








US 


6248811 Bl 


19-06-2001 



Form PCT/ISWS10 (patentfamily annex) (July 1992) 



